New work in Drosophila has identified a link between dying cells and compensatory proliferation of neighbouring survivor cells. Activation of initiator caspases in the dying cells stimulates the production of hydrogen peroxide, which orchestrates tissue repair via macrophages and TNF signalling.
Following significant apoptotic cell death, lost tissue can be replaced via compensatory proliferation of surviving neighbouring cells. This repair process, known as apoptosis-induced proliferation (AiP) [1] , is triggered by apoptotic caspases in dying cells. Both initiator and executioner caspases can influence the release of instructive paracrine signals from stressed or injured cells, thereby promoting neighbouring survivor cells to divide and replace the damaged tissue [2] . While this process contributes to the resilience of epithelia to insult in developing organisms, it may also stimulate proliferation of cancer stem cells [3] or provide a supportive microenvironment for tumour regrowth in response to cancer therapy [4] [5] [6] . Hence a better understanding of the underlying mechanism of AiP is instrumental in manipulating the defence of tissue homeostasis for therapeutic purposes.
In Drosophila, AiP critically depends on activation of Jun N-terminal kinase (JNK) signalling and the production of mitogenic signals, such as the fly Wnt homologue Wingless, the TGF-b orthologue Decapentaplegic [7, 8] , and the EGF orthologue Spitz [9] . Substantial controversy surrounds the contribution of signals that are actually produced by the dying cell versus the signals that may be produced elsewhere. What complicates studies of AiP is the short-lived nature of the process of dying, and hence the source of the signal. To circumvent this problem, the execution phase of death is frequently blocked by expression of transgenic p35, a potent viral inhibitor of effector caspases. This sustains cells in a so-called 'undead' state. Under such conditions, initiator caspases (such as DRONC) continuously activate AiP, causing affected tissues to overgrow. The current model dictates that, following its initiation, the apoptotic cascade bifurcates at the level of initiator caspases to either trigger cell-autonomous execution of cell death or stimulate non-cell-autonomous proliferation ( Figure 1 ). Both in genuine apoptotic cells as well as in undead cells, initiator caspases promote the proliferation of neighbouring cells through activation of JNK. Although it is clear that caspasemediated activation of JNK is essential for AiP, it has remained elusive how initiator caspases stimulate JNK and how this generates paracrine signals to instruct compensatory proliferation of neighbouring survivor cells.
A new study by the Bergmann laboratory published in this issue of Current Biology now finds that caspase-induced activation of JNK during AiP in Drosophila depends on an inflammatory response that is orchestrated by macrophages [10] . By using a candidate-based approach, Fogarty et al. [10] identified that the activity of initiator caspases in epithelial cells generates extracellular reactive oxidative species (ROS) via stimulation of the plasma-membrane-bound NADPH oxidase dual oxidase (DUOX). Although ROS can react with cellular constituents, including proteins, lipids, and DNA, to generate an array of oxidative lesions, formation of H 2 O 2 during tissue injury can also function as an essential feature of the ensuing wound healing response and as an early damage signal to control several critical aspects of the wound healing process [11] [12] [13] [14] [15] . ROS can be generated in an unregulated manner by physical stresses, such as exposure to ionizing radiation or biochemical malfunction of mitochondria. ROS, however, can also be produced in a highly regulated fashion by the transmembrane NADPH oxidases NOXs and DUOXs, which specifically generate ROS in a wide variety of tissues [13] .
To examine whether such a rapid wound signal might also play a role in coordinating AiP in Drosophila, Fogarty et al. [10] knocked down DUOX, or misexpressed secreted catalases, and saw a dramatic inhibition of AiP. Surprisingly, they found that ROS could be generated in developing epithelial tissues following initiator caspase activation, independent of cell death execution. As DUOX was inhibited in the same cells in which DRONC was activated, these data indicate that production of ROS (H 2 O 2 ) is an early event in the death and regeneration process, a finding that is consistent with another recent report by Santabarbara-Ruiz et al. [16] .
How might H 2 O 2 induce compensatory proliferation and tissue repair? Previous work in zebrafish larvae and the Drosophila embryo established that activation of DUOX in damaged cells, and the generation of a tissue-scale gradient of extracellular H 2 O 2 , prompts rapid wound detection via cells of the innate immune system [11, 17] . Inactivation of DUOX blocks the inflammatory response to wounding in both of these organisms. Consistently, Fogarty et al. [10] found that H 2 O 2 from undead cells recruits and activates Drosophila macrophages (hemocytes). Interestingly, these macrophages signal back to undead cells, as well as to their surviving neighbours. This is evident from experiments showing that the absence of macrophages or the removal of ROS results in a significant reduction in activation of JNK and caspases. Macrophages stimulate JNK activation via the tumour necrosis factor (TNF)-like ligand Eiger, which is released from macrophages and promotes TNF-receptor signalling in epithelial cells. This in turn triggers a cascade that culminates in JNK activation. Thus, activation of initiator caspases in epithelial cells triggers a positive feedback loop that involves DUOX, ROS, macrophages and TNF signalling (Figure 1 ). TNFmediated activation of JNK then feeds back on endogenous HID (head involution defective), an antagonist of inhibitor of apoptosis proteins (IAPs), which fuels the amplification loop via activation of initiator caspases. This selfamplifying feedback loop culminates in high JNK activity and lethal levels of apoptotic caspases. This seems to synchronise cellular destruction with JNKmediated production of mitotic signals that drive the timely replacement of apoptotic cells by healthy neighbours, resulting in AiP and the defence of homeostasis.
A recent study by Santabarbara-Ruiz et al. [16] adds another piece to the puzzle. These authors find that, in response to apoptosis, JNK and p38 signalling drives the production of the IL6-like stress response cytokine Unpaired, and that Unpaired-mediated stimulation of JAK/STAT signalling is required for AiP. This observation is intriguing because sustained activation of JAK/STAT signalling is known to accelerate cell-cycle progression. Together with the study by Fogarty et al. [10] , a more complete picture emerges, in which caspase activation stimulates an inflammatory stress response module (ROS>macrophages>TNF>JNK/ p38>HID/Unpaired) that replaces malfunctioning cells and restores tissue homeostasis. Although this stress module defends tissue homeostasis, when deregulated it can contribute to neoplastic overgrowth and disease. Accordingly, chronic Unpaired-mediated stimulation of JAK/STAT signalling mediates neoplastic transformation in fly cancer models. Likewise in humans, sustained activation of the JAK/STAT pathway has a causal role in many types of cancer [18, 19] .
The observation that apoptotic cells instruct their own replacement by triggering an immune response undermines an old dogma dictating that apoptosis is an immunologically silent process, although accumulating evidence indicates that a complex relationship exists between cell death and inflammation. The observation that apoptosis regulatory components have dual roles in cell death and inflammation suggests that these proteins function not primarily to kill, but to coordinate tissue repair and remodelling. This perspective unifies cell death components as positive regulators of tissue repair that replace malfunctioning or damaged tissues and enhance the resilience of epithelia to insult. Intriguingly, the above-mentioned DRONC-dependent signalling cascade applies only to epithelial cells that have not yet begun terminal differentiation. Differentiated epithelia induce AiP through an effector-caspase-dependent cascade that triggers the release of Hedgehog [2, 20] . This mitogen then awakens unspecified progenitor cells to re-enter the cell cycle and propagate. Whether the above-mentioned inflammatory stress response module that operates in undifferentiated tissues also contributes to AiP in differentiated epithelia remains, however, enigmatic.
